Amaç: Bu çalışmada hareketli polietilen (HP)'e kıyasla sabit polietilen (SP) total diz replasmanı (TDR)'nda sağkalım oranı ve revizyon riskinde farklılık olup olmadığı belirlendi.
Type of study: Prospective observational study Total knee replacements (TKRs) with fixed bearings showed a proven clinical success over several decades of use. However, with the growing trend to perform knee replacements to younger patients with higher functional demands, mobile-bearing (MB) inserts have been introduced in the practice. Mobile-bearing total knee prostheses were designed to provide dualsurface articulation at both the upper and lower surface of the polyethylene insert. These designs would bring a more natural movement and reduced wearing of the polyethylene-bearing insert. This was expected to result in better clinical outcomes and greater survival rate of TKRs.
There is no evidence in the current literature that would clearly confirm theoretical advantages of mobile bearings in the clinical practice. Some reports based on arthroplasty registers even point out the higher risk of revision of TKRs with MB design and have advised caution when selecting such implants. [1] [2] [3] Therefore, in this study, we aimed to determine whether there is a difference in the rate of survival and risk of revision of MB compared with fixed-bearing (FB) TKRs.
PATIENTS AND METHODS
This prospective observational study included 1571 cemented non-posterior-stabilized TKRs without patellar resurfacing performed at University Hospital of L.Pasteur in Košice, Slovakia between January 2002 and June 2018, with the subsequent revision surgery in 63 patients (23 males, 40 females; mean age 69.7 years; range, 46.5 to 85.5 years). The study protocol was approved by the University Hospital of L.Pasteur in Košice, Slovakia Ethics Committee. A written informed consent was obtained from each patient. The study was conducted in accordance with the principles of the Declaration of Helsinki.
The selected set of primary TKRs was divided in analysis groups according to the type of bearing insert used in primary TKR (FB or MB insert). All types of inserts allowing a rotational movement at tibia-insert interface of TKR were considered as MB inserts. The group of TKRs with FB insert consisted of 756 implants which did not require revision surgery and 31 implants which were revised in the monitored period. The group of MB TKRs included 752 nonrevised and 32 revised knees.
The FB group consisted of following models of endoprostheses: Anatomically graduated components (AGC) ( The age, gender and body mass index (BMI) of patients, the etiology of osteoarthritis (OA) of the operated knee and the presence of rheumatoid arthritis (RA) and diabetes mellitus (DM) at the time of primary surgery were recorded. If revision surgery of TKR was performed, the time to revision and reason of revision were recorded. The revision of TKR was defined as the reoperation of knee arthroplasty with the replacement, removal or addition of one or more components. [4] The relative risk (RR) of the revision surgery in relation to the type of the insert used in TKR was assessed. The analysis of the risk of revision was divided into three subgroups, based on the time to revision: early revisions, late revisions and total revisions. Early revisions were the revisions performed within five years from the primary surgery (revision <5 years). Revision surgeries performed after five years were classified as late revisions (revision surgery >5 years). Total revisions were defined as the sum of early and late revisions. The RR was determined for all revision surgeries regardless of the reason for revision (revisions for any reason) and revisions for one of the following reasons: aseptic loosening, periprosthetic infection, instability, femoropatellar pain, periprosthetic fracture, stiffness and allergy to implants.
The survival rate of TKR was determined with the Kaplan-Meier method. The end-point for analysis was revision for any reason.
Multiple logistic regression models were used to evaluate significant predictors of TKR revision for any reason. We analyzed the effect of individual independent variables (use of MB insert; age at the time of primary surgery lower than 55 years; male gender; BMI higher than 40 kg/m 2 ; post-traumatic OA; associated disorders -RA and DM) on the observed event, i.e. dependent variable -revision surgery of TKR.
The data for analysis were collected from the medical documentation and reports from national arthroplasty register.
Statistical methods
Student t-test was used for statistical analysis of continuous variables. If the files had an abnormal distribution, the Mann-Whitney test was used for the analysis. Frequency data were judged using the chi-squared test.
The Kaplan-Meier curve was used to statistically evaluate the survival of TKR. The method was adapted to calculate the cumulative probability of survival of TKR over the 15-year period with a 95% confidence interval (CI). Revision of knee replacement was considered the endpoint. If a revision was not recorded at the end of the follow-up period, the time from the operation to the last check was reported as censored.
When assessing the risk of the revision, the results were interpreted as a RR, with a 95% CI. To assess the significance level (p), the chi-square test was used. Relative risk is the ratio of risks in individual evaluated groups. If the RR is less than one, it means that the risk in the evaluated group is less than the risk in the control group. The control group was the group of FB TKRs.
The results of multivariate logistic regression analysis were reported as odds ratio for revision, with a 95% CI and a corresponding significance level (p).
The level for statistical significance was set at p<0.05 for all tests. SigmaPlot version 12.5 (Systat Software Inc., San Jose, USA) was used for statistical analyses.
RESULTS
No statistically significant differences were found in the population without revision surgery between 
TABLE III

Demographics of subgroups of early and late revisions
Revision FB and MB groups with respect to the duration of follow-up, average age, gender and patients' BMI or the occurrence of post-traumatic OA and associated disorders (Table I) .
In the population with revised TKRs, a significantly shorter time to revision (p<0.001) was observed with MB (37.3 months; range, 0.4-175.7) than with FB (86.4 months; range, 0.5-222.6), a significantly higher BMI (p=0.046) of patients with MB (31.8 kg/m 2 ; range, 22.0-43.5) than with FB (39.7 kg/m 2 ; range, 21.6-44.6) and lower percentage of males in the group of MB TKRs (MB: 22%, FB: 51.6%; p=0.015; Table II ). Significantly higher BMI (p=0.03) was also found in the subgroup of early revision of TKRs with MB (31.8 kg/m 2 ; range, 22.0-43.5) than with FB (28.5 kg/m 2 ; range, 21.6-33.3; Table III ).
Surgical revision was performed in a total of 32 implanted MB TKRs and in 31 FB TKRs. Of this number, early revisions were performed in 27 mobile knees and in 12 fixed knees. Late revisions were more frequent in the FB group (n=19 vs. n=5). The number of revisions for specific reasons is listed in Table IV. No statistically significant difference was found between FB and MB TKRs regarding the RR of total revision for any reasons. In the subgroup of early revisions for any reasons, 2.22-fold increased risk of revision was found in the MB group (RR 2:22; 95% CI: 1.13-4.35; p=0.02). However, the risk of late revisions for any reason in MB TKRs was 73% lower than the risk in FB TKRs (RR 0.27; 95% CI: 0.1-0.72; p=0.009; Table V) .
When analyzing the risk of revisions for specific reasons, significantly higher risk of revision for instability was found in the subgroup of early revisions in MB TKRs (RR 23.8; 95% CI: 1.35-386.1; p=0.03). This risk was also apparent in the total revision subgroup (RR 26.7; 95% CI: 1.59-448.1; p=0.02). On the other hand, mobile inserts in TKRs were associated with significantly lower risk of total (RR 0.46; 95% CI: 0.21-0.99; p=0.049) and late revisions due to aseptic loosening (RR 0.14; 95% CI: 0.03-0.59; p=0.008; Table  IV ).
The 15-year Kaplan-Meier survival estimates showed survival at 95% for MB TKRs and 93% for FB TKRs with revision defined as the end-point (Figure 1) . The difference was not statistically significant (p=0.604).
Logistic regression analysis confirmed that the strongest independent negative prediction factors for revision of TKR for the entire observation period were the patient's age being lower than 55 years Other independent variables, including the type of bearing insert, failed to reach the level of statistical significance (Table VI ).
In the multivariate logistic regression analysis for the subgroup of early revisions, BMI higher than 40 kg/m 2 (OR 5.471; 95% CI: 1.736-17.247; p=0.004), post-traumatic arthritis (OR 2.572; 95% CI: 1.05-6.3; p=0.039) and the use of MB insert (OR 2.484; 95% CI: 1.217-5.071; p=0.012) were identified as negative predictors of early revision (Table VII) .
In the subsequent multi-variate logistic regression analysis for the subgroup of late revisions, single negative predictor of revision was confirmed. This was the age being lower than 55 years (OR 5.601; 95% CI: 1.961-16.004; p=0.001). The use of MB insert has been shown as the protective factor (OR 0.262; 95% CI: 0.0965-0.713; p=0.001; Table VIII ).
DISCUSSION
During the entire observation period between 2002 and 2018, we have found no statistically significant differences in cumulative survival or in the total risk of surgical revision for any reason between the group of 784 MB and 787 FB TKRs. We found a statistically significantly higher risk of early revisions when mobile insert was used in TKRs. However, in group of late revisions, the use of mobile inserts in TKRs has been shown to be a significant protective factor. The most significant effect of the type of bearing insert was found in revisions due to aseptic loosening and instability. In revisions for other reasons, we failed to find differences in the risk of revision.
The term "mobile bearing" is referred to various designs, differing in their mobility: rotating-platform designs allow for free rotation of polyethylene insert around central axis of the tibia, meniscal-bearing designs allow unconstrained movement of the insert, and rotating/translating designs allow for gliding in anterior-posterior plane and some rotation around the central axis of the tibia.
Because of the motion at tibia-insert interface, MB TKRs can achieve movement more similar to the physiological knee kinematics. This motion also enables a certain degree of self-correction of the rotational mismatch between the implanted femoral and tibial component. [5] This should improve patellar tracking and reduce anterior knee pain. Wyatt et al. [6] actually detected lower risk of revision of MB TKRs due to more frequent secondary patellar resurfacing in cases of FB TKRs. This has not been confirmed in our study; MB knees were associated with higher risk of revision due to peripatellar pain, although the difference did not reach statistical significance.
Due to design of mobile inserts in TKR, greater tibiofemoral congruency can be achieved to reduce shear and tear forces and thereby reduce wear of polyethylene insert without increasing the stress at the bone-implant interface. [7] Despite the movement of the mobile inserts on the tibial component, the FB prostheses demonstrate higher degree of polyethylene wear at the tibia-insert interface. [8] Fixed-bearing implants, in order to grant a suitable locking junction in the tibial component, are necessarily made of titanium alloy and thus, however well finished, unable to provide an ideal smooth surface for insert. Mobile-bearing tibial baseplates are usually made of a highly polished chromium-cobalt alloy instead. These properties of the MBs should thus hypothetically ensure lower risk of revisions due to excessive polyethylene wear and aseptic loosening of the implants. Our results confirm this hypothesis -MB TKRs demonstrated significantly lower risk of revision for aseptic loosening. To our knowledge, no similar results have been published. Most studies have reported no differences, some authors point to even higher risk of aseptic loosening of mobile knees. Gothesen et al. [1] analyzed the Norwegian and Australian arthroplasty registers of implanted TKRs in the period of 2003 through 2014 and found significantly higher risk of revisions due to aseptic loosening for MB prostheses. Namba et al. [3] published similar results based on the analysis of six national arthroplasty registers for the period of 2001 through 2010. Mobile inserts were identified as a significant risk factors for revision of TKRs, mainly due to their aseptic loosening. The possible explanation of the discrepancy between our results and the published results may be in the inclusion of other models of prostheses in the evaluated sets. In the said analyses, the MB TKRs most commonly included the Low Contact Stress MB implant (LCS ® , DePuy, Synthes, Raynham, Massachusetts, USA), which was not found in our set. Several authors pointed out a significantly higher degree of revisions of this implant when compared to other implants. [9] [10] [11] [12] This was explained by the design of the tibial component (low surface roughness of the lower tibial baseplate, non-keeled stem), which, in combination with thin cement layer and with non-optimal axial alignment, lead to a significantly higher rate of aseptic loosening of the tibial component.
The use of MB implants is associated with a higher risk of instability of arthroplasty with possible subluxation or luxation of the insert. [5] This is usually a consequence of improper surgical technique, such malposition of components, extensive posterolateral release, extension and flexion gap imbalance, increased flexion instability, or extensor mechanism dysfunction. [13] In our study, the revisions due to instability were clearly associated with mobile bearings as all cases were recorded in the group of MB TKRs. Most of these revisions (11 out of 13) were performed in the period within five years from the primary surgery, which was reflected in significantly greater risk of early revisions due to any reason in the group of MB implants. Also, Graves et al. [2] found a greater risk of early revisions with MB endoprostheses. The statistically significant difference was found only in the first year after the primary implantation.
Another factor that could also contribute to higher risk of early revisions of MB implants in our study was a significantly higher BMI in patients with this type of prosthesis. Severe obesity (BMI over 40 kg/m 2 ) is a major risk factor of knee prosthesis failure. [14] We clearly confirmed the co-incidence of BMI over 40 kg/m 2 and MB inserts in TKR as negative predictors of revisions by multivariate logistic regression analysis.
Based on meta-analysis of previously published studies, no differences were found in the clinical outcomes, overall survival or revision rate between FB and MB TKRs. [5, 15, 16] Also in our study, we detected no differences in the cumulative survival rate and total risk of revisions for any reason. This was the result of a higher rate of early revisions due to instability and on the contrary, a lower revision rate due to aseptic loosening in the group of MB knees. We suppose that reducing the number of revisions for instability with a more exacting surgical technique and excluding severe obese patients should secure a greater survival rate of MB TKRs.
The limitation of this study based on the analysis of performed revisions of TKRs is the fact that it may not necessarily reflect the exact clinical results of joint replacements. Unfortunately, there are no records of patients who are not satisfied with the arthroplasty or who had failure of the prosthesis, but for various reasons never have surgical revision. Another limitation may be certain "inhomogeneity" of the evaluated group of TKRs. It included several models of prostheses and were implanted by several orthopedic surgeons with different levels of experience. However, cemented total knee prostheses were used in all cases preserving posterior cruciate ligament without primary patellar resurfacing. All TKRs were performed by the similar surgical technique, with the same postoperative protocol.
The strong aspects of the study are the length of the observation period, almost equal number of MB and FB TKRs in the evaluated groups, multi-variate logistic regression, considering several factors related to the revision, as well as the analysis of RR of revision from specific reasons.
In conclusion, we have found no difference in the cumulative survival rates between MB and FB TKRs. However, MB TKRs were associated with a lower risk of revision due to aseptic loosening in comparison with FB TKRs. Mobile-bearing inserts represented a significant risk factor only for early revisions due to instability.
